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Abstract
In this paper, public services are analyzed for implementations of Industry 4.0 tools to satisfy citizen expectations. To be 
able to prioritize public services for digitalization, fuzzy Z-AHP and fuzzy Z-WASPAS are used in the analysis. The decision 
criteria are determined as reduced cost, fast response, ease of accessibility, reduced service times, increase in the available 
information and increased quality. After obtaining criteria weights using fuzzy Z-AHP, health care services, waste disposal 
department, public transportation, information services, social care services, and citizen complaints resolution centers are 
compared using fuzzy Z-WASPAS that is proposed for the first time in this paper. Results show that health care services 
have dominant importance for the digitalization among public services.
Keywords Digitalization · Fuzzy Z-AHP · Fuzzy Z-WASPAS · Public services
Introduction
With the spread of digital transformation and digitaliza-
tion concepts, the integration of physical and digital sys-
tems, the creation of smart products and services, and the 
creation of innovative business models became inevitable. 
Digitalization requires large-scale and comprehensive trans-
formations in multiple dimensions such as business model, 
operations, culture and the entire value of the system by pro-
viding improvements in various aspects of the business, such 
as personalization, efficiency and security [1]. When this 
transformation that provides unique opportunities for value 
creation and capture, succeed, citizens and businesses will 
benefit from better access, while governments can reshape 
the global economy by achieving substantial savings [2].
With this new era, the transition from physical assets 
to digital assets in the value chain of industries has begun 
to manifest itself in all industries through many digital 
transformation applications that contribute in more profit-
able revenue, sustained competitive advantage, and higher 
performance [3]. Furthermore, its future impact will have 
greater importance and opportunities than ever before. Many 
governments are becoming increasingly aware of the ben-
efits of digitizing their services to better serve citizens and 
improve the efficiency of the public sector. Concepts such as 
workforce and process efficiency and effectiveness that pro-
vide better management in the provision of public services 
are being increased with digitalization [4].
Technology is a factor that affects all institutions in terms 
of service delivery and even changes the institutions struc-
turally and managerially. At this point, information centers, 
which provide information-based services, are also making 
efforts to make their services suitable for users who are inte-
grated with technology and integrate their expectations with 
these tools. Information technologies, one of the important 
development areas of recent years, have created an informa-
tion boom that will multiply the existing knowledge. With 
this explosion of information, information networks and ser-
vices are become prominent, linking everyone and offering 
new opportunities for productivity, learning and entertain-
ment [5]. The information produced is managed by infor-
mation control tools and transmitted to the masses through 
Internet technology. With the aim of bringing information 
technologies and industries together, Industry 4.0 concept 
aims to build smart ecosystems that are integrated with all 
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kinds of tools and equipment, equipped with sensors and 
operators, where all devices can exchange information and 
data with each other [6].
The main objective of digital transformation is to enhance 
and refine operational processes and reduce costs by trans-
forming key business operations affecting products and pro-
cesses [7]. One of the public services in which these trans-
formation practices have gained importance and witnessed 
major changes in the health care sector. Along with the new 
digital age, health and care policy shifts from a conventional 
medical model to a co-managed and integrated approach to 
optimizing healthcare delivery and that brings lots of inno-
vation [8].
In today’s time, social care services are another area in 
which Industry 4.0 applications, which have become more 
and more pervasive with the increase in technological 
advancements in recent years, make life easier for people 
especially who are old aged and have disabilities [9]. As 
the health and social care sector continues to automate and 
grow, it is essential to train that staff in this field in the use 
of new technologies and are open to changes in the workflow 
[10].
The digital era is also transforming the public transport 
sector, which is one of the essential parts of the globaliz-
ing world economy. Digitalization in public transport offers 
new services to increase efficiency and quality, reduce costs, 
open new revenue streams, and most importantly increase 
customer experience and loyalty [11]. In addition to chang-
ing governance, the adoption of digitalization, which entails 
challenges such as acquiring new staff profiles or investing 
in new technologies, forces public transport operators and 
authorities to redefine their jobs. Besides, governments must 
keep up with the pace of technological changes and ensure 
that new technologies can be used and new business models 
adopted. An important part of the new solutions brought 
by digitalization includes the exchange of data between the 
transport vehicles in the public transport infrastructure and 
the objects in their environment [12].
Digitalization has begun to enter all areas of industrial-
ized life. In recent years, the uncontrolled growth of urban 
population in developing countries has made waste manage-
ment an important issue [13]. Also, the waste amount that 
is produced today is more than ever due to the increasing 
industrialization, the globalization of trade and the conse-
quent increase of wealth [14]. From this point of view, it 
can be said that the waste disposal industry is facing great 
challenges all over the world and that the work is becom-
ing more extensive, complex and expensive. Technology 
and Industry 4.0 applications play now an important role in 
waste management. The digitalization and optimization of 
ongoing services such as waste collection and recycling/dis-
posal are important opportunities for social development and 
sustainability in terms of both improving human, technical 
and financial resources and reducing negative environmen-
tal impacts [15]. With the digital upswing that causes shell 
change in waste technologies, many innovations are emerg-
ing in this field. Mobile systems, smart sensors, IoT con-
nected technologies and artificial intelligence technologies 
shelve the waste management problems which are faced by 
cities to create a healthy environment by eliminating pollu-
tion and reducing resource waste [16].
In summary, digitalization in public services is an impor-
tant and urgent issue to satisfy citizen expectations. As digi-
talization has become more and more involved in their daily 
lives, citizens expect to have the convenience of digitaliza-
tion in public services. Therefore, the digitalization of public 
services has become a priority for public administrators in 
order to improve the functionality of the services and to meet 
the expectations of citizens. Digitalization process and trans-
formation of current processes should be well-managed and 
coordinated to increase the positive effects and avoid redun-
dant expenses. High costs of the implementation phase are 
one of the major limitations of digitalization which neces-
sitates managers prioritize the candidate services for digi-
talization and transform processes one by one. Therefore, 
the main objective of this study is determined as prioritiza-
tion of the public services to decide which one should be 
digitalized earlier to satisfy citizens’ expectations. To do 
this, first public services that could be digitalized are listed, 
and then the alternative tools, applications are discussed to 
determine alternative technologies, which will be compared 
in the study.
Public services that will be compared in the study are 
selected as health care services, waste disposal department, 
public transportation, information services, social care ser-
vices, and citizen complaints resolution centers after the 
literature review that is given in Sect. 2 digitalization of 
these services could decrease the idle times and increase 
efficiency, by this way, service processes could be improved. 
In this study, available platforms, applications are exam-
ined and their main functions are determined for each of 
the departments.
At the same time, the utilities of the digitalization are 
examined. Digitalization provides better products by ena-
bling customers with vaster offers, improved use of equip-
ment, lower access costs to customers and more flexibility 
[17]. Kilpeläinen and Tyrväinen [18] states that the increas-
ing availability of information in digital form allows infor-
mation to be carried easily. Digitalization aims to exponen-
tially increase the value that companies deliver to customers 
by offering new functionality, higher reliability, more effi-
ciency and optimization opportunities [19]. On the other 
hand, through the digitalization, quality and efficiency 
increase while their costs decrease. Mergel et al. [20] deter-
mine expected improvements of the public services with 
digitalization as increased simplicity, accessibility, quality, 
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advantages, efficiency, speed, inclusion, responsiveness, 
competitiveness, security and transparency. According to 
Alsaadi et al. [21], the most significant factors for citizens 
for mobile government services are providing complete 
services, secure and private information, real-time informa-
tion, good online customer-service attitudes, reliability, easy 
navigation, valances services, several interaction channels, 
tangible services, easy information retrieval and offering 
context-awareness. Decision criteria for the prioritization 
of the digitalized public services are determined as reduced 
cost, fast response, ease of accessibility, reduced service 
times, increase in the available information and increased 
quality, combining the criteria gathered from the literature 
and opinions of the citizens that are involved in the study.
The decision-making methodology proposed in this study 
combines the analytical hierarchy process (AHP) and WAS-
PAS method using fuzzy Z-numbers. Fuzzy logic is pre-
ferred in the analysis to handle uncertain information occurs 
from unpredictable outcomes of the digitalized services and 
improvements. A significant difference in fuzzy logic from 
other logic systems is that it allows the use of verbal varia-
bles. In reality, human decisions are ambiguous and not suit-
able for defining as precise numerical values. Therefore, it 
would be more realistic to use verbal variables in modelling 
human decisions. Another feature that distinguishes fuzzy 
logic from other logic systems is that two features called 
the law of non-contradiction and the principle of excluded 
middle, which are very important for other logic systems, 
and can even be called basic rules, are not valid for fuzzy 
logic. In fuzzy logic, it cannot be said that a proposition can-
not be both true and false at the same time. In the last few 
years, classical fuzzy sets have been applied in fuzzy deci-
sion making and many results have been obtained. However, 
a problem is that the reliability of the information provided 
is not sufficiently considered. Compared to the classical 
fuzzy number, the Z number is more capable of describing 
human knowledge since it can describe both restriction and 
reliability. Information reliability has a considerable impact 
on the decision-making outcome. Z-numbers consider both 
uncertainty and reliability of information and therefore it 
might help the decision-maker manage complex problems.
For the determination of the criteria weights, fuzzy ana-
lytical hierarchy process (FAHP) based on Z-numbers is 
used. The analytic hierarchy process (AHP) method is a use-
ful approach to solve decision-making problems due to its 
advantages as its ease of application, the ability to analyze 
benefit and cost criteria simultaneously [22]. Besides being 
a method that can be easily understood and simplify even 
complex problems, AHP makes it more understandable by 
showing weighting with pairwise comparisons easier [23]. 
In addition, AHP allows the decision-maker to measure the 
degree of consistency level of its decisions and can perform 
sensitivity analysis [24]. All these advantages make AHP 
applicable in more areas than other methods. After deter-
mination of weights for these different utilities gained by 
digitalization, departments and their services are evaluated 
according to the effects of their digitalization on the utili-
ties using fuzzy Z-WASPAS which is proposed in this study 
for the first time as a new extension of WASPAS method. 
WASPAS is a novel method that has been introduced in 
recent years and has higher consistency and accuracy [25]. 
The major difference of the fuzzy WASPAS method, which 
combines WSM and WPS models, from other methods is 
that it has the advantage of higher accuracy. Also, WASPAS 
becomes a suitable MCDM method to evaluate alternatives 
since it overcomes complex multiplication calculations and 
provides ease of calculations [26]. Therefore, a method that 
is a combination of AHP and WASPAS methods based on 
fuzzy Z-numbers is proposed and used in this paper. The 
outcomes of this study could be used as a road map for the 
public sector to initialize digital transformation in their 
services.
The paper is organized as follows. In Sect. 2, a detailed 
literature review is given on the digitalization of public ser-
vices and the methodologies used in this paper. Then the 
applicable Industry 4.0 tools are determined. After intro-
ducing the basics of fuzzy Z-AHP, and determination of the 
proposed fuzzy Z-WASPAS, methods are applied to find 
the criteria weights and rank the alternatives respectively. 




Many papers investigate digitalization in public services. 
Chute and French [9] indicates that considered as a more 
self-centered application using Industry 4.0 capabilities, 
"Care 4.0" is a new paradigm that can change the way peo-
ple develop digital health and care services by focusing on 
reliable and integrated organizational networks, people and 
technologies. These networks and tools would provide pre-
ventive approaches that form a flexible and sustainable set of 
integrated health and social care services to enable personal-
ized services that are more responsive to people’s needs and 
desires. Estrela et al. [27] define Health 4.0 as the healthcare 
extension of Industry 4.0 applications that provide informa-
tion on the potential for expanding, virtualizing and enabling 
new health-related processes such as home care, finitude 
medicine, and personalized/remotely triggered pharmaceu-
tical treatments and transforms them into services. Bisio 
et al. [28] state that Industry 4.0 and IoT provide substan-
tial support to the healthcare system through the develop-
ment of remote technologies and the deployment of smart 
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and connected e-health solutions. According to Koop et al. 
[29] information and communication technology-based, 
advanced and practical health-related technologies and ser-
vices, which are implemented in the home environment, 
have great importance. Bisio et al. [28] define examples of 
possible smart health applications as cloud-based remote 
monitoring platforms, wearable sensors for patient rehabili-
tation, and smart IoT devices for early detection of specific 
injuries or diseases. They introduced the innovative proto-
type called "Smart Pants", which consists of multiple sen-
sors, is intended to guide and assist patients remotely during 
post-stroke rehabilitation therapy and this specially designed 
prototype uses intelligent sensing. Khalique et al. [30] pro-
posed a new model based on the digitization of the electronic 
health record for electronic medical data storage describes 
a layered architecture called the Public Health Framework, 
which combines different data formats and analysis tech-
niques that may be useful in the public health system. This 
framework enables the use of electronic health record in a 
standardized way for public health.
Erkollar and Oberer [31] developed an intelligent trans-
portation system (ITS) using I4.0-related technologies and 
concepts to improve the quality of transportation by apply-
ing analysis, sense, control and communication technolo-
gies. ITS offers a wide range of applications that process and 
share information to improve traffic management, simplify 
congestion, minimize environmental impacts, and increase 
the benefits of transportation to commercial users and the 
public. Davidsson et al. [11] are discussed the opportunities 
and challenges of the Internet of Things (IoT), which is a 
wave of advanced digitalization and how public transport 
and the sustainable development of society can be developed 
and supported. Great opportunities created by digitalization 
such as real-time vehicle and delay information, interchange 
guidance and ticketing support in the public transport sector 
are discussed and their support to sustainability aspects are 
presented.
Hong et al. [32] are introduced a model to collect the con-
sumption habits of the city’s residents in data pools and rear-
range their consumption habits using Smart Waste Systems 
which are part of the Smart City concept. In this way, the 
shipment of surplus products is reduced, while especially the 
negative conditions caused by waste (global warming) are 
controlled by a sustainable, healthy infrastructure. Besides, 
analyses by municipalities aim to identify increasing needs 
due to population growth and prevent wastes in the future. 
Folianto et al. [33] are designed the system called “Smart 
bin” to collect and transmit data over a wireless network to 
determine the fullness of the waste bin. Lozano et al. [34] 
developed a prototype for the waste monitoring and manage-
ment platform used in rural environments to obtain meas-
urements of the weight, filling volume and temperature of a 
waste container. In addition to collecting and analyzing this 
monitoring data, the platform has a module for optimizing 
waste collection paths. This module creates ways to save 
energy, time and ultimately cost from data from dynamically 
positioned nodes. Wijaya et al. [35] offer a smart waste-bin 
that can manage waste. The system consists of sensors that 
measure the waste weight and the fill level of the bin and all 
incoming data is transmitted to the network environment to 
manage. Sunny et al. [36] propose an intelligent embedded 
system called Automated Teller Dustbin (ATD) by devel-
oping an efficient convolutional neural network (CNN) 
based image classifier that detects and recognizes its object 
to solve the waste management problem that has become a 
major problem for Bangladesh. This government-supported 
application promotes the use of an intelligent garbage bin 
while providing garbage recycling, at the same time con-
tributing to social development with the value of recycling 
allocated to the object. Yusof et al. [37] present the IoT inno-
vation project, which is a smart waste bin with a real-time 
monitoring system that combines the solar energy system, 
sensors and wireless communication technologies. The study 
aims to provide an efficient and cost-effective waste collec-
tion management system that provides a clean, healthy and 
green environment. According to Anagnostopoulos et al. 
[38], waste management not only involves the collection of 
wastes in the field but also the transportation and disposal 
of them to the appropriate places. Ghose et al. [39] develop 
appropriate waste storage, collection and disposal plan for 
India’s Asansol Municipality Company. In this study, a GIS 
optimal routing model that takes minimum cost and dis-
tance into consideration in determining efficient collection 
ways for transporting wastes to the storage area is proposed. 
Ogdol et al. [40] develop an application by monitoring waste 
disposal facilities to remove waste using modern IoT tech-
nologies. With IoT framework, the situation of the proposed 
waste disposal sites for filling and collection is analyzed. 
In this study, which presents a real-time and data-oriented 
information system, it is possible to easily match waste 
and facility by considering waste disposal activity per area 
(weight loss of waste area).
According to Chen et al. [41], next-generation digital 
libraries which are in the field of information technology 
apply new concepts such as semantic access, real-time web, 
cloud computing, mobile web, connected data and context 
awareness. The study also shows that these libraries using 
context awareness technology can provide the best possible 
service for the convenience of users.
Cui et al. [42] indicate that smart nursing homes which 
are equipped with electronic devices and intelligent sys-
tems are of major importance with the rapid growth of the 
elderly population and the dramatic advancement of health 
informatics. They proposed a new model, using some tools 
such as the quality matrix house to constantly identify, 
allocate and improve the requirements, emphasizes the 
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synchronization development of the cyber-physical system 
with the intelligent maintenance house, and the iterative and 
lifecycle development processes.
As it is seen from the literature review, nowadays using 
Industry 4.0 applications in public services is much more 
popular. Besides that, the papers summarized above are 
focused on just one aspect of public services. When the 
mentioned papers are examined in detail, all of the digital 
features in public services bring significant improvements 
in citizens’ daily lives.
To the best of our knowledge, none of the papers com-
pared the improvements of the individual digital systems in 
the public sector. To increase the satisfaction of the citizens 
in public services, it is essential to prioritize digitalized tools 
in public services to find the best improvement plan that 
involves digitalization.
Literature review on methodology
Saaty proposed Analytic Hierarchy Process method in 1980 
as a tool for decision making [43]. Since then, it has become 
one of the most used multi-criteria decision-making methods 
in the literature. To deal with vagueness in the determina-
tion of linguistic statements, many fuzzy extensions of ana-
lytic hierarchy process method are proposed which differs 
in the algorithm and the degree of the fuzziness involved in 
the analysis. Some of the fuzzy analytic hierarchy process 
(FAHP) extensions utilize logarithmic least square method 
[44–46], where some others utilize geometric mean method 
[47] and fuzzy synthetic extend analysis [48] for FAHP algo-
rithm. FAHP methods also differ from each other with the 
fuzzy extension that is used in the determination of linguistic 
statements. In the determination of linguistic scale, triangu-
lar fuzzy sets [44, 45, 48], trapezoidal fuzzy sets [47], type-2 
fuzzy sets [49, 50], intuitionistic fuzzy sets [51–61], hesitant 
fuzzy sets [62–64], fuzzy Z-numbers [65–68], Pythagorean 
fuzzy sets [69] and spherical fuzzy numbers [70] are used.
Zavadskas et al. [71] proposed WASPAS method in 2012 
to increase the accuracy of ranking alternatives. Since then, 
many fuzzy extensions of WASPAS method have been pro-
posed. Intuitionistic fuzzy sets [72–75], triangular fuzzy 
numbers [76], type-2 fuzzy sets [25, 73, 77, 78], hesitant 
fuzzy sets [79–81], neutrosophic sets [73, 82], Pythagorean 
fuzzy sets [74, 83], spherical fuzzy sets [84] are used in 
these fuzzy extensions of WASPAS method.
In the literature, instead of the classic MCDM methods, 
a hybrid approach which consists of Fuzzy AHP-WASPAS 
methodologies is also applied using many extensions of the 
fuzzy sets such as triangular fuzzy numbers [76, 85–87], 
spherical fuzzy numbers [88–90].
Fuzzy Z-numbers that are introduced by Zadeh in 2011 
[91] is a quite new concept that allows overcoming the limi-
tations of ordinary fuzzy numbers in fuzzy set theory. It 
involves fuzzy reliability in addition to the fuzzy restriction 
that enables analysts to take into account the uncertainty that 
occurred from the reliability of the decision-makers. Since 
it has more capability to describe the uncertainty, there are 
various approaches which are combined with Z-numbers to 
evaluate MCDM problems [67, 68, 92–95].
Industry 4.0 tools for public services
For this study, public services that are candidates for the 
digitalization are determined as health care services, waste 
disposal services, public transportation services, information 
services, social care services and citizen complaint resolu-
tion services, which are the most investigated services from 
the digitalization aspect in the literature as it is mentioned 
in the previous section.
Health care services
The main problems in health care services are crowded 
clinics, long waiting times for consultations, need to go to 
the clinic several times for the examinations, getting test 
results and controlling the results [96]. Industry 4.0 tools 
can be used in health care services to overcome these prob-
lems. An intelligent algorithm will be used to diagnose the 
given symptoms to assist the doctors. The suggestions of the 
intelligent algorithm will only be shared with the doctor to 
prevent wrong diagnosis. To implement Industry 4.0 tools 
on health care services, first current system should be fully 
digitalized. The new features in the health care services for 
the proposed digitalized system will be as follows:
Online consultations especially for the people who are 
disabled and/or old that could not go to the clinics easily, 
online consultations could be arranged. Of course, some of 
the cases need physical consultation but for an initial diag-
nosis, online consultations could be helpful. This feature 
decreases the patient load in the clinics.
Online initial diagnosis in emergencies this feature is 
supposed to be used by emergency health care services. 
Without this implementation, the initial diagnosis is done 
with telecommunication. Video calls enable doctors to give 
instructions to the patient or patient relative in a more appro-
priate way.
Planning scheduled visits and health consultations actu-
ally, most of the planning scheduled visits are done via the 
internet. This feature makes scheduling open to the public. 
By this way, patients could see loads of the doctors on time 
and the patient waiting times decrease.
Ease of access to the information on preventive health 
care: this feature is especially important for reaching infor-
mation when the patient does not want to interact with a doc-
tor or sanitarian. It could be helpful for a patient, who wants 
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to get rid of drug addiction or who wants to get information 
on birth control.
Previous data share for agreed citizens in most of the 
cases, previous treatments and previous diagnosis’ of a 
patient are important to make the diagnosis and choose the 
best medicine. This feature is optional due to the preferences 
of the patients but if they agreed, the treatment process will 
be shorter.
Waste disposal services
Waste management is another important issue, particularly 
in larger cities. The main problems in waste disposal ser-
vices are overloaded bins, unbalanced load in recyclable 
wastes, wrong waste collection scheduling, poorly organized 
recyclable waste collection system, illegal waste disposal 
especially for industrial wastes etc. [97]. By implementation 
of Industry 4.0 tools on waste disposal services, the new 
features will be as follows:
Sensors in the bins with the integration of sensors to the 
domestic solid waste bins, the loaded capacities of the bins 
can be monitored on time. This enables dynamic scheduling 
for waste collection vehicles.
Online access to the wastewater analyze results this is 
important for controlling industrial wastes. In illegal waste 
disposal to the sewage system, inspectors are warned. Also, 
this feature could be used by the industries. This leads to 
cost reduction for industries on controlling of wastes.
Waste measurement this feature is important to reduce 
waste production. By delimitation for special waste types 
and effective monitoring, a holistic waste management sys-
tem can be established. In this system, data for recyclable 
waste, hazardous waste and industrial waste amounts are 
collected. The citizens and industries are awarded for the 
waste reductions in hazardous and industrial waste amounts 
and raise in the recycled waste amounts.
Tools for special wastes a mobile application is used for 
scheduling of special waste collection system especially for 
waste oils, electronic wastes and rubbish. It makes easier 
the disposal of the special wastes and in this way, urges the 
citizens to collect special wastes separately.
Online scheduling with the implementation of the pro-
posed system, waste collection vehicles can be monitored 
on time and if there is a warning from a bin’s sensor, waste 
collection route is changed automatically.
Public transportation services
Public transportation includes rail systems, marine transpor-
tation and bus services. By implementation of IoT technolo-
gies, the following information can be given to the citizens:
Additional information about the journey information 
on forecasted arrival time to the station, forecasted journey 
time, load rate of the vehicle can be provided by on-time bus 
(vehicle) tracking.
Alternative route information additionally, alternative 
routes for public transportation together with the forecasted 
arrival times can be provided by the integration of the traf-
fic information and the scheduled lines. It is expected to 
increase the usage of public transportation and decrease traf-
fic pollution with this implementation.
Information services
Information services are responsible for the announcements 
and some on-time data declarations for citizens.
Planned power cuts and failures there could be a reminder 
that notice the planned maintenances for the power system 
with the information of expected time periods power cuts. 
Additionally with a link, citizens warn the provider for the 
failures. This application uses the GPS data and home and 
work address information of the citizens.
Planned water cuts and failures same as power cut and 
failures citizens could be warned for water cuts and failures 
by a reminder. In the application, the expected finishing time 
for the maintenance will be given timely.
On-time traffic information by this implementation, some 
additional information about traffic such as closed routes and 
traffic flow density can be gathered.
Transparent municipalities routine meetings can be 
broadcast online. Citizens can comment on the issues on 
time and there could be a person who summarizes the citizen 
opinions in the meetings. This system enables municipalities 
being transparent to the citizens.
Planned investments details of the planned investments 
could be declared to the citizens. By this way, the improve-
ments that citizens need for the proposed investments can be 
gathered. According to citizens’ preferences, planned invest-
ments can be prioritized.
Social care services
Social care services can be categorized into three:
Orphanage and adoption governments are responsible 
for caring and providing equal opportunities for the orphans. 
IoT tools could be used for the adoption process to find the 
best parents for orphans. Online applications, video calls, 
online documentation could make the process easier. In 
addition, online monitoring and help can be used for the 
adaptation period.
Disabled care to provide equal opportunities for disabled 
citizens, home-based education can be given by IoT tools. 
Determination of the special needs for disabled citizens, 
online applications and requests can be used.
Abuses governments are also responsible to protect 
citizens especially children and women from abuses. IoT 
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tools can be used to develop a warning system in case of 
emergencies.
Besides, for all of the categories, accessible information 
about the services and detailed reports of the services can 
be provided online.
Citizen complaints resolution services
Citizen complaints resolution service is one of the most 
important communication tools between the citizens and 
municipalities. The services, which could be digitalized, 
are detailed as follows:
Online request system online request system enables citi-
zens to determine their complaints easily without long phone 
calls and enables service providers to act rapidly without lots 
of documentation.
Online tracking system citizens could reach the workflow 
and detailed information for their requests easily by online 
request tracking system.
Interactive request system also, there could be an interac-
tive system for the citizens who want to get information from 
a responsible person.
Methodology
Analytic hierarchy process (AHP) is proposed by Saaty 
[43] in 1980 and since then it has widespread usage in 
engineering applications. AHP is one of the most used 
multi-criteria decision-making methods to weight the 
effects of the criteria and sub-criteria for a determined 
goal. In the literature, there are many fuzzy extensions of 
AHP proposed by various authors for different levels of 
uncertainty. Fuzzy Z-AHP is proposed by Kahraman and 
Otay [68] in 2018 that is one of the most recent exten-
sions of AHP, which includes fuzzy restriction and fuzzy 
reliability functions in the comparison phase. Therefore, 
in this paper, fuzzy Z-AHP is decided to be used to deter-
mine criteria weights. In the ranking of alternatives based 
on the criteria that are analyzed by fuzzy Z-AHP, fuzzy 
Z-WASPAS method is used. WASPAS method is first pro-
posed by Zavadskas et al. [71] in 2012. It combines the 
weighted sum model (WSM) and weighted product model 
(WPM) to increase ranking accuracy. Due to its simplicity 
and increased accuracy in the ranking of alternatives, it is 
widely accepted as an efficient decision-making tool [98]. 
In this paper, the fuzzy Z-WASPAS method is proposed 
and used to include the uncertainty in the determination 
of linguistic statements. The framework of the proposed 
hybrid method is shown in Fig. 1.
Fuzzy Z‑numbers
Z-numbers are introduced by Zadeh [91] in 2011 that is an 
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restriction shown in Eq. (1) where 𝜇Ã(x) is the membership 
function of Ã:
• Problem definition & Construction of the hierarchical structure
•Expert evaluation using fuzzy restrictions and fuzzy reliabilities
•Transformation of Z-numbers into ordinary fuzzy numbers
•Checking the consistency of fuzzy restrictions 
•Calculation of geometric mean and normalized weight vector 
•Defuzzification of normalized weights vector and normalization of the weights
Fuzzy Z-AHP
•Determination of alternatives
•Construction of decision matrix using fuzzy restrictions and fuzzy reliabilities
•Transformation of Z-numbers into ordinary fuzzy numbers
•Normalization of the decision matrix.
•Application of the WSM and WPM methods




Fig. 1  General framework of the proposed MCDM methodology
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which has a trapezoidal membership function for fuzzy restric-
tion and a triangular membership function for fuzzy 
reliability.
L e t  Ã =
{
x,𝜇Ã(x)|𝜇(x) ∈ [0, 1]
}
 a n d 
B̃ =
{
x,𝜇B̃(x)|𝜇(x) ∈ [0, 1]
}
 where 𝜇Ã(x) is a trapezoidal 
membership function and 𝜇B̃(x) is a triangular membership 
function. To convert a Z-number into a regular fuzzy number, 
Eqs. 2–4 could be used [94]. First to convert the reliability into 
a crisp number Eq. 2 can be used:
(1)R(X) ∶ XisA → Poss(X = x) = 𝜇Ã(x).
(2) =
b1 + 2b2 + b3
4
.
Then, the weighted Z-number can be denoted as Z̃𝛼 by 
adding the weight of the reliability to the restriction:
The weighted Z-number, in other words weighted restric-
tion, can be converted to an ordinary fuzzy number Z̃′ which 
is shown in Fig. 3 using Eq. 4:
Fuzzy Z‑AHP
Kahraman and Otay [68] integrated Z-fuzzy numbers with 
AHP to incorporate vagueness in the evaluations and reli-
abilities to these evaluations into the AHP. Fuzzy Z-AHP 
steps are determined as follows [67]:
Step 1. Define the multi-criteria decision making problem 
and design a hierarchical structure of the problem.
Step 2. Use the scale of linguistic restriction function 
given in Table 1 and the scale of reliability function pre-
sented in Table 2.
Step 3. Construct the pairwise comparison matrices and 
fill in them with fuzzy Z-numbers using the linguistic 
terms in Tables 1 and 2.
(3)Z̃𝛼 =
{













,𝜇(x) ∈ [0, 1]
�
.
Fig. 2  A simple fuzzy 
Z-number
Fig. 3  Ordinary fuzzy number transformed from Z-number
Table 1  Triangular fuzzy Z 
restriction scale for the pairwise 
comparisons of criteria
Linguistic restriction Triangular fuzzy Z-scale
Equally important (EI) (1, 1, 1;1)
Weakly more important (WI) (1, 3, 5;1)
Moderately more important (MI) (3, 5, 7;1)
Greatly more important (GI) (5, 7, 9;1)
Absolutely more important (AI) (7, 9, 9;1)
If factor i has one of the above fuzzy numbers assigned to it when compared 
with factor j, then j has the reciprocal value when compared with i
Reciprocals of above
Complex & Intelligent Systems 
1 3
Step 4. Transform Z-numbers to their corresponding 
equivalent ordinary fuzzy numbers.
Step 5. Check the consistency of each fuzzy pairwise 




 is a fuzzy positive 




 is its defuzzi-
fied positive pairwise comparison matrix. If the result 




 is consistent, then it can 






Step 6. Apply Buckley’s ordinary fuzzy AHP method 
[47]. The steps of this method are summarized as follows:
Step 6.1 Calculate the geometric mean for each parameter 
of ãij in the n dimensional pairwise comparison matrix. 
Thus, n × n matrix is converted to n × 1 matrix.
Step 6.2. Sum the values of each parameter in the column 
in order to normalize the values in n × 1 matrix.
Step 6.3. Apply fuzzy division operation to get the nor-
malized weights vector.
Step 6.4. Defuzzify the normalized weights vector using 
the center of gravity method given by Eq. 2.
Step 6.5. Normalize the weights so that their sum is equal 
to 1.
Step 6.6. Apply Steps (6.1–6.5) for the rest of the pair-
wise comparison matrices.
Step 6.7. Combine all the weights vectors to determine 
the best alternative as in classical AHP.
Fuzzy Z‑WASPAS
In the following, the steps of proposed fuzzy Z-WASPAS 
method are given step by step:
Step 1. Determination of the decision matrix. Use the 
scale of linguistic restriction function and the scale of 
reliability function presented in Tables 1 and 2, respec-
tively.
Step 2. Transform Z-numbers to their corresponding 
equivalent ordinary fuzzy numbers.
Step 3. Normalization of the decision matrix. For the 
decisions in which the highest score is preferred or in 
other words for positive criteria Eq. 5 is used for the nor-
malization:
For the decisions in which the lowest score is preferred 
or in other words for negative criteria Eq. 6 is used for 
the normalization:
Step 4. Apply the methods of weighted sum model and 
weighted product model.
Step 4.1. Construct weighted normalized decision matrix 
for weighted sum model (WSM) using Eq. 7 where w̃j is 
the fuzzy weight of criterion
Step 4.2. Construct weighted normalized decision matrix 
for weighted product model (WPM) using Eq. 8:
Step 5. Calculate the combined utility function values of 
the WASPAS method for each alternative as in Eq. (9):
where  is determined by the decision maker and belongs 
to the interval of [0, 1].
Step 6. Calculate the score of each alternative by defuzzi-
fying combined utility function values using the center of 
gravity method given by Eq. 2.
Step 7. Rank the alternatives starting from the highest 
value of obtained defuzzified values.
Application
In this paper, it is aimed to prioritize public services for 
implementations of Industry 4.0 tools. Decision criteria for 
the prioritization are determined as reduced cost (RC), fast 




















Table 2  Reliability scale with its corresponding triangular Z-fuzzy 
numbers
Linguistic reliability Triangular Z-fuzzy 
reliability function
Absolutely reliable (AR) (1, 1, 1;1)
Strongly reliable (SR) (0.7, 0.8, 0.9;1)
Very highly reliable (VHR) (0.6, 0.7, 0.8;1)
Highly reliable (HR) (0.5, 0.6, 0.7;1)
Fairly reliable (FR) (0.4, 0.5, 0.6;1)
Weakly reliable (WR) (0.3, 0.4, 0.5;1)
Very weakly reliable (VWR) (0.2, 0.3, 0.4;1)
Strongly unreliable (SU) (0.1, 0.2, 0.3;1)
Absolutely unreliable (AU) (0, 0.1, 0.2;1)
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times (RST), increase in the available information (IAI) 
and increased quality (IQ). Fuzzy Z-AHP that is detailed in 
Sect. 4 is used for the prioritization. The steps of the method 
are applied as follows:
Determination of criteria weights
Pairwise comparisons are done using the consensus tech-
nique with a group of experts. The expert group consists 
of 8 citizens which use all of the service alternatives for 
digitalization. The citizens are chosen from different age and 
income segments to represent a wider population. The pair-
wise comparison matrix for decision criteria that is obtained 
from the group interview is shown in Table 3.
Then, construct the pairwise comparison matrix for reli-
ability function using the linguistic terms in Table 4.
The consistency ratio of the pairwise matrix is calculated 
as 0.091 that means comparisons are consistent. Fuzzy and 
normalized weights of the criteria are calculated as shown 
in Table 5 using Buckley’s ordinary fuzzy AHP method with 
the geometric mean.
The process to be performed after this part is to evalu-
ate the alternatives by using the fuzzy Z-WASPAS method, 
considering the criteria weights obtained.
Prioritization of public services
A decision matrix is constructed in Table 6 by using step 1 
of proposed fuzzy Z-WASPAS.
Then, transform Z-numbers to their corresponding equiv-
alent ordinary fuzzy numbers by using Eq. 4 as shown in 
Table 7.
In the initial decision matrix, all criteria are benefit cri-
teria therefore the maximum of the alternative scores for 
each criterion that is desired to be maximum is taken as the 
reference value. Then, Table 7 is normalized by using Eq. 5, 
and normalized decision matrix is obtained as Table 8.
The weighted normalized decision matrix for weighted 
sum model are constructed using Eq. 7 and shown in Table 9.
Table 3  Pairwise comparison 
matrix for restriction of  
decision criteria
RC FR EoA RST IAI IQ
RC EI RWI RMI RMI GI WI
FRs WI EI RWI RWI GI MI
EoA MI WI EI WI AI MI
RST MI WI RWI EI GI MI
IAI RGI RGI RAI RGI EI RWI
IQ RWI RMI RMI RMI WI EI
Table 4  Pairwise comparison 
matrix for reliability of decision 
criteria
RC FR EoA RST IAI IQ
RC AR VWR FR FR VHR VHR
FRs VHR AR VWR VWR VHR FR
EoA FR VHR AR VHR SR FR
RST FR VHR VWR AR VHR FR
IAI VWR VWR SU VWR AR VWR
IQ VWR FR FR FR VHR AR
Table 5  Fuzzy and defuzzified 
normalized weights of decision 
criteria
Normalized fuzzy weights Normalized 
defuzzified 
weights
Reduced cost (0.039, 0.089, 0.242) 0.094
Fast response (0.065, 0.159, 0.461) 0.172
Ease of accessibility (0.160, 0.426, 0.943) 0.399
Reduced service time (0.107, 0.260, 0.665) 0.264
Increased available information (0.010, 0.048, 0.137) 0.019
Increased quality (0.021, 0.048, 0.137) 0.052
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Table 6  Decision matrix with 
linguistic terms
Criterion Restriction scale Reliability scale
Alternatives Alternatives
HCS WDS PTS IS SCS CCRS HCS WDS PTS IS SCS CCRS
RC EI GI WI MI WI MI SR FR HR HR VHR SR
FR RGI EI RMI RWI RMI RWI VHR VHR HR VHR SR VHR
EoA RWI MI EI MI MI MI SR HR VHR SR VHR SR
RST RMI WI RMI EI RWI WI SR VHR VHR HR VHR HR
IAI RWI MI RMI WI EI WI VHR FR HR HR HR FR
IQ RMI WI RMI RWI RWI EI VHR HR VHR HR SR VHR
Table 7  Initial decision matrix with fuzzy numbers
Criterion Alternatives
HCS WDS PTS IS SCS CCRS
RC (6.26, 8.05, 8.05) (0.71, 2.12, 3.54) (2.32, 3.87, 5.42) (2.32, 3.87, 5.42) (4.18, 5.86, 7.53) (6.26, 8.05, 8.05)
FR (4.18, 5.86, 7.53) (4.18, 5.86, 7.53) (2.32, 3.87, 5.42) (4.18, 5.86, 7.53) (6.26, 8.05, 8.05) (4.18, 5.86, 7.53)
EoA (6.26, 8.05, 8.05) (2.32, 3.87, 5.42) (4.18, 5.86, 7.53) (6.26, 8.05, 8.05) (4.18, 5.86, 7.53) (6.26, 8.05, 8.05)
RST (6.26, 8.05, 8.05) (4.18, 5.86, 7.53) (4.18, 5.86, 7.53) (2.32, 3.87, 5.42) (4.18, 5.86, 7.53) (2.32, 3.87, 5.42)
IAI (4.18, 5.86, 7.53) (0.71, 2.12, 3.54) (2.32, 3.87, 5.42) (2.32, 3.87, 5.42) (2.32, 3.87, 5.42) (0.71, 2.12, 3.54)
IQ (4.18, 5.86, 7.53) (2.32, 3.87, 5.42) (4.18, 5.86, 7.53) (2.32, 3.87, 5.42) (6.26, 8.05, 8.05) (4.18, 5.86, 7.53)
Table 8  Normalized decision matrix
Criterion Alternatives
HCS WDS PTS IS SCS CCRS
RC (0.78, 1, 1) (0.09, 0.26, 0.44) (0.29, 0.48, 0.67) (0.29, 0.48, 0.67) (0.52, 0.73, 0.94) (0.78, 1, 1)
FR (0.52, 0.73, 0.94) (0.52, 0.73, 0.94) (0.29, 0.48, 0.67) (0.52, 0.73, 0.94) (0.78, 1, 1) (0.52, 0.73, 0.94)
EoA (0.78, 1, 1) (0.29, 0.48, 0.67) (0.52, 0.73, 0.94) (0.78, 1, 1) (0.52, 0.73, 0.94) (0.78, 1, 1)
RST (0.78, 1, 1) (0.52, 0.73, 0.94) (0.52, 0.73, 0.94) (0.29, 0.48, 0.67) (0.52, 0.73, 0.94) (0.29, 0.48, 0.67)
IAI (0.56, 0.78, 1) (0.09, 0.28, 0.47) (0.31, 0.51, 0.72) (0.31, 0.51, 0.72) (0.31, 0.51, 0.72) (0.09, 0.28, 0.47)
IQ (0.52, 0.73, 0.94) (0.29, 0.48, 0.67) (0.52, 0.73, 0.94) (0.29, 0.48, 0.67) (0.78, 1, 1) (0.52, 0.73, 0.94)
Table 9  Weighted normalized decision matrix for weighted sum model
Criterion Alternatives
HCS WDS PTS IS SCS CCRS
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For weighted product model, weighted normalized deci-
sion matrix shown in Table 10 are constructed using Eq. 8.
For each alternative, importance based on the WSM and 
WPM, combined utility function values are calculated by 
using Eq. 9 as shown in Table 11, where λ is determined as 
0.5 by the decision-maker.
Then, the score of each alternative is determined by 
defuzzifying combined utility function values using the 
center of gravity method by Eq. 2. The alternatives starting 
from the highest value of obtained defuzzified values are 
ranked and the final ranking of the alternatives is given in 
Table 12.
According to the result achieved in Table 12, the health 
care services department is determined as the first depart-
ment for the application of Industry 4.0 tools. Due to the 
difference between the first two alternatives is relatively 
small, it is also planned to start digitalization activities for 
the social care services department.
To find the sensitivity of the results according to deter-
mined λ values, the calculations of utility functions, score 
functions and rankings are done for lower and upper limits 
that are and λ = 0 and λ = 1. Although utility functions vary 
in a close range, this difference has no effect on rankings. 
The results are given in Table 13.
Comparison of the proposed methods with their 
ordinary fuzzy equivalents
To compare the results of the proposed method with exist-
ing methods, ordinary fuzzy AHP and ordinary fuzzy 
WASPAS methods. Reliability comparisons of the deci-
sion-makers determine the reliabilities of the statements 
given in the restriction comparison matrix. Since the ordi-
nary fuzzy methods assume that the decision-makers are 
reliable, reliability comparisons could not be applicable 
in the evaluations. Therefore, just the restriction compari-
sons of the decision-makers are used in the ordinary fuzzy 
AHP and fuzzy WASPAS methods using the scale given 
in Table 1.
As it can be seen from Table 14, the criteria weights are 
calculated slightly different using fuzzy Z-AHP than crisp 
AHP, but the ranking of the criteria weights remain same 
Table 10  Weighted normalized decision matrix for weighted product model
Criterion Alternatives
HCS WDS PTS IS SCS CCRS

















(0.958, 1, 1) (0.893, 0.947, 0.989)
EoA (0.904, 1, 1) (0.608, 0.746, 
0.854)
(0.770, 0.81, 0.974) (0.904, 1, 1) (0.770, 0.881, 
0.974)
(0.904, 1, 1)


























(0.987, 1, 1) (0.967, 0.984, 0.997)
Table 11  Importance based on the WSM and WPM and combined 
utility function values
WSM WPM Ui
RC (0.358, 0.467, 0.493) (0.353, 0.463, 0.493) (0.711, 0.931, 
0.985)
FR (0.183, 0.282, 0.381) (0.163, 0.270, 0.371) (0.347, 0.552, 
0.752)
EoA (0.227, 0.329, 0.431) (0.220, 0.324, 0.426) (0.447, 0.653, 
0.857)
RST (0.262, 0.366, 0.425) (0.237, 0.346, 0.418) (0.499, 0.712, 
0.843)
IAI (0.287, 0.392, 0.473) (0.281, 0.388, 0.472) (0.568, 0.781, 
0.945)
IQ (0.289, 0.394, 0.445) (0.262, 0.375, 0.437) (0.551, 0.769, 
0.882)
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for this case. Therefore, it can be said that fuzzy Z-AHP 
is in convenience with the classical AHP. The differences 
between the weights occur from the information gained by 
reliability assessments which can be useful in the assessment 
of alternatives.
When the WASPAS method is applied to linguistic expert 
judgements using crisp AHP weights, the ranking of the 
alternatives is found same with the fuzzy Z-WASPAS’s. 
However, as it can be seen from Table 15, the difference 
between the scores of the first and last alternatives in fuzzy 
Z-WASPAS increased with the inclusion of more informa-
tion in the analysis for the evaluation of decision-makers. 
The results of the comparison indicate that especially when 
the weights of criteria and alternatives are closer to each 
other, the differences can be figured out better using Z-num-
ber based methods.
Conclusion
The expectations and the habits of the customers are rap-
idly changing as they gain more accessibility to technology 
in their daily lives. This leads to a big transformation on 
the customer service systems. People are getting used to 
reaching information easily by the utilization of IoT tech-
nologies in service systems. As well as the organizations, 
the public sector should also focus on digital transforma-
tion due to this change in the expectations of the citizens.
In the literature review, it is found that the papers deal-
ing with digitalization on public services are focused 
on just one aspect of the public services whereas all of 
the digital features in public services bring significant 
improvements in citizens’ daily lives. Public services 
could utilize from digitalization to analyze consumption 
of resources, decrease wastes and increase efficiency on 
the service time for different activities. Additionally, digi-
talization will provide a more detailed and larger data on 
citizens’ changing behaviours and their new expectations 
from the managers. On the other hand, citizens need to 
have accessibility to the information they need using IoT 
tools and if it is possible, get the service online. From that 
driving point, the main objective of this study is deter-
mined as prioritization of the public services to decide 
which one should be digitalized earlier.
In this paper, health care services, waste management 
department, public transportation, information services, 
social care services, and citizen complaints resolution 
Table 13  Sensitivity 
calculations based on λ values
λ = 0 λ = 1
Ui Score values Ranking Ui Score values Ranking
HCS (0.706, 0.927, 0.985) 0.2219 1 (0.716, 0.935, 0.986) 0.2153 1
WDS (0.327, 0.539, 0.742) 0.1389 6 (0.367, 0.564, 0.762) 0.1399 6
PTS (0.440, 0.648, 0.853) 0.1660 5 (0.454, 0.658, 0.862) 0.1623 5
IS (0.475, 0.693, 0.836) 0.1715 4 (0.524, 0.731, 0.850) 0.1729 4
SCS (0.563, 0.776, 0.945) 0.1943 2 (0.573, 0.785, 0.946) 0.1887 2
CCRS (0.525, 0.749, 0.875) 0.1836 3 (0.578, 0.788, 0.889) 0.1849 3
Table 14  Comparison of fuzzy 
AHP and fuzzy Z-AHP results
Defuzzified weights calculated by 
Fuzzy AHP
Defuzzified weights cal-
culated by Fuzzy Z-AHP
Reduced cost 0.095 0.094
Fast response 0.183 0.172
Ease of accessibility 0.375 0.399
Reduced service time 0.269 0.264
Increased available information 0.025 0.019
Increased quality 0.054 0.052
Table 15  Rankings of the alternatives using fuzzy WASPAS and 
fuzzy Z-WASPAS
Fuzzy WASPAS Fuzzy Z-WASPAS
Score values Ranking Score values Ranking
HCS 0.2098 1 0.2185 1
WDS 0.1486 6 0.1394 6
PTS 0.1688 5 0.1641 5
IS 0.1728 4 0.1721 4
SCS 0.1914 2 0.1914 2
CCRS 0.1821 3 0.1842 3
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centers are selected for digitalization alternatives. Decision 
criteria are determined as reduced cost, fast response, ease of 
accessibility, reduced service times, increase in the available 
information and increased quality. The biggest limitation of 
this study, which is dealt with using fuzzy logic, is the uncer-
tainty in the prospective developments in digital technology 
and the impacts of digitalization.
Fuzzy Z-AHP is used to determine criteria weights 
and fuzzy Z-WASPAS is proposed and used to compare 
the alternatives. AHP and WASPAS are among the most 
preferred MCDM methods because they provide ease of 
application. In order to represent uncertain information in 
the calculations, fuzzy Z-numbers, which provide supe-
riority over other fuzzy extensions since it also includes 
reliability, are used. The results of the study show that 
health care services have dominant importance among 
alternatives. Therefore, health care services are selected 
as prior services for the digitalization. The results of the 
study could be used as a road map for public managers 
to improve their services and satisfy citizen expectations.
For further research, it is suggested to extend the analy-
sis for health care services to determine which tools should 
be implemented. In addition, economic analysis for differ-
ent tool combinations could be done.
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